Yeast dynamics during spontaneous fermentation of mawè and tchoukoutou, two
Milan, Italy) and diluted to a concentration of 100 ng/ml. 142 143
Direct extraction of nucleic acids from the samples 144
Ten (10) g of mawè and 10 ml of tchoukoutou samples were separately homogenized with 40 145 ml of Ringer solution in a Stomacher for 30 seconds at normal speed. For both RNA and 146 DNA, the supernatant from 1 ml was collected and centrifuged at 13,200 rpm for 10 min. The 147 nucleic acids were extracted from the pellet using a MasterPure TM Complete DNA and RNA 148
Purification kit (Epicentre, Madison, WI, USA) following the supplier's instructions (Rantsiou 149 et al., 2012) . The RNA samples were treated with RNase-free DNase (Ambion, Milan, Italy) 150
for 3 h at 37°C and checked for the presence of residual DNA by PCR amplification. When 151 PCR products were obtained, the DNase treatment was repeated to eliminate DNA. 152 153
PCR and RT-PCR 154
One microlitre of the yeast DNA (100 ng) was used for the PCR assays as previously 155 described (Greppi et al., submitted). The region amplified, using the primers NL1GC and a 156 reverse primer LS2, was the D1 region of the 26S rRNA gene (Cocolin et al., 2000) . 157
The reverse transcription (RT) reactions were performed using the M-MLV reverse 158 transcriptase (Promega, Milan, Italy). Two hundred microgram of RNA were mixed with 1 µl 159 of primer LS2 (100 µM) and sterile water to a final volume of 10 µL and incubated at 70°C 160 for 5 min. The mix was placed on ice and a mixture containing 50 mM Tris-HCl (pH 8.3), 75 161 mM KCl, 3 mM MgCl 2 , 10 mM DTT, 2 mM of each dNTP, 1 µl of 200 U/l M-MLV and 0.96 162 units of Rnasin ribonuclease inhibitor (Ambion) was transferred to the reaction tube. The 163 reverse transcription was carried out at 42°C for 1 h. One µl of cDNA was amplified using the 164 conditions described above. 165
DGGE analysis 166
Denaturing Gradient Gel Electrophoresis (DGGE) using the DCode apparatus (Bio-Rad, 167
Hercules, CA, USA) was used to analyse the PCR products. 
Identification of the isolates by PCR-DGGE 178
Yeast isolates were identified by groupings based on their PCR-DGGE profiles and 179 sequencing of representative isolates of each group. The DNA of the isolates was first 180 amplified with primers NL1GC/LS2 and the products run on DGGE, according to Cocolin et 181 al. (2000) . Representatives of the different DGGE profile groups were identified by 182 sequencing the partial 26S rRNA gene that was amplified with primers NL1/NL4, as 183 previously described (Kurtzman and Robnett, 1998). The PCR products were sent to MWG 184
Biotech for sequencing and the resultant sequences were aligned with those in GenBank using 185 the Blast program, to determine the known relatives. 186 187
Typing of the isolates by rep-PCR 188
The predominant yeast species identified during the fermentations studied were subjected to 189
rep-PCR analysis using primer (GTG) 5 (5′-GTGGTGGTGGTGGTG-3′) according to Nielsen Arithmetic Averages (UPGMA) clustering algorithm (Vauterin & Vauterin, 1992) . 197 198
Results 199

Microbiological analysis of mawè and tchoukoutou 200
The pH and yeast counts, reported in Table 1 and Table 2 , are expressed as means and 201 standard deviations for the two different fermentations. As seen in Table 1 tchoukoutou, the pH decreased from 3.98 ± 0.16 to 3.61 ± 0.11 (Table 2) . Yeast counts 207 increased from 4.97 ± 0.12 to 6.47 ± 0.07 log 10 cfu/ml. (Table 2) . 208 209
Identification of isolates and species succession during fermentation 210
According to the DGGE profiles obtained after amplification and DGGE analysis (data not 211 shown), 9 and 6 species were identified during the mawè and tchoukoutou fermentations, 212 respectively (Table 1 and 2) . 213
In the case of mawè ( 
Rep-PCR typing 226
Being the predominant species isolated during the mawè fermentation, C. glabrata and C. 227 krusei isolates were typed by rep-PCR. The cluster analysis of the fingerprints obtained for 22 228 isolates of C. glabrata, using a coefficient of similarity of 84%, resulted in 3 clusters ( Figure  229 1). Cluster I grouped isolates mainly found at 48 hours (T3) while isolates of cluster II were 230 mainly detected at 6 hours of fermentation (T1). The third cluster (III) contained isolates 231 detected at the beginning (T0), after 6 hours (T1) and 24 hours (T2). Neither cluster II nor 232 cluster III contained isolates at 48 hours (T3). The analysis of the fingerprints of the C. krusei 233 isolates (29), at a similarity coefficient of 80%, resulted in 2 main clusters ( Figure 2 ). The 234 composition of these clusters appeared to be independent of fermentation times. 235
For the tchoukoutou fermentation, 50 isolates of S. cerevisiae were grouped by rep-PCR 236 (Figure 3 ). S. cerevisiae was the predominant species isolated during this fermentation. Using 237 a coefficient of similarity of 87%, a differentiation of the isolates based on the fermentation 238 time was observed. As shown in Fig. 3 , cluster I and II contained isolates from throughout the 239 fermentation. Cluster III was composed from isolates at T2 and T3 (8 and 12 hours) whilecluster IV from isolates at T1 and T2 (4 and 8 hours). Both cluster I and III did not have any 241
isolate from T1 (6 hours). The only S. cerevisiae isolate at T0 was not included in the 242 analysis. 
process. 263
Bands not marked on the DGGE gel were determined to be heteroduplex after cutting and 264 sequencing (data not shown). 265
Discussion 267
Microbial successions are often reported for spontaneously fermented products (Hounhouigan 268
For mawè, no studies seem to be carried out on identification of yeasts successions during 274 fermentation using molecular-based methods. In the present study, a significant yeast growth 275 was registered. It increased about 1000-fold reaching the maximum population after 48h, 276 while the pH was still decreasing during the fermentation of mawè. Six species were detected 277 at the beginning and after 6 hours of mawè fermentation while from 24 hours until the end the concludes that the species is emerging as a major pathogen that accounts for an increasing 295 large population of nosocomial fungal infections. Therefore, it cannot be considered or 296 included in starter culture preparation. 297
In the present study yeast diversity was also investigated by rep-PCR typing. This aspect is 298 receiving strong attention in the field of food fermentation because it allows understanding 299 dynamics during fermentation and it helps to understand if a particular culture inoculated as 300 starter is able to dominate the fermentation (Cocolin et al., 2011). Our results revealed a 301 succession of biotypes of C. glabrata during the fermentation of mawè. Some biotypes 302 mainly present at the first 6 hours of fermentation were followed by others that dominated the 303 remaining time of fermentation. Biotypes present during the entire fermentation were also 304 seen. The cluster analysis of the C. krusei isolates indicated that a succession of biotypes 305 during fermentation did not take place. In a previous study (Greppi et al., submitted) a variety 306 of biotypes of C. krusei was reported for mawè from different sites in Benin as offered for 307 sale. Such diversity and differences between production sites are likely to be explained by 308 differences in the composition and microbiology of raw materials as well as fermentation 309 conditions for the particular sites and operators (Jespersen et al., 2004) . 310
The direct analysis on total DNA and RNA of mawè did not reveal any other species but active during the mawè fermentation. K. marxianus were clearly detected during the whole 316 fermentation both from total DNA and RNA. C. glabrata and C. krusei were also detected 317 both at DNA and RNA level indicating that they actively contribute to the fermentation. 318
These results confirmed our cultural data except for the absence of S. cerevisiae, detected in 319 high percentage in culture dependent analysis in the last stages of the fermentation. This could 320 be due to PCR-bias in the food matrices where different yeast species are present at high level 321 interfering with the specific binding of the primers to other species. A DGGE band that 322
showed the closest relative in the GenBank database with Z. mays was detected in mawè 323 samples at the first sampling points. This is assumed to be due to a lack of specificity of the 324 set of primers used. 325
The other product investigated was tchoukoutou, the sorghum beer from Benin. Sorghum 326 beers are traditional fermented products largely consumed in sub-Saharan Africa and several 327 studies were performed on identification of yeast population associated with the fermentation 328 they may be dead. S. cerevisiae were clearly detected during the whole fermentation of 364 tchoukoutou both from total DNA, confirming the cultural data, and also on RNA level i.e.metabolically active yeast cells. K. marxianus was also largely detected by culture-366 independent approach. This species was not found by culturing, instead Cl. lusitaniae was 367 present at high percentage in plates but not detected by culture independent analysis. As 368 already discussed, this could be due to PCR-bias. 369
As mentioned above, differences were seen between our results and those from previous 370 studies. They may be related to differences between sample sites and in particular to the fact 371 
